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ALSTRACT : Models, codes, methodology and results have been reviewed
for calculations of multiple particle and gamma ray emissions following
neutron induced reactions from the resonance region to 25 MeV in some

structural materials.

RIASSUNTO: §i presenta una panoramica di modelii, cedici,
metodi e visultati per calcoli di emissioni multiple in ca-
scata di particelle e raggi gamma seguenti le reazicni indot-
te da neutroni nella zona risonante fino a 25 MeV in alcuni

materiali strutturali.



FPARTICLE AND T RAY SPECTRA CALCULATIONS

The experimental branching ratios are used for discrete
IN STRUCTURAL MATERIAL

levels, Missing ones are estimated assuming single particle

state transitions {(with E1, M1l transitions dominating) for
G. Reffo

rherical nuclel and assuming collective transitions (with
ENEA, CRE "E. Clementel"”, Bologna, Italy spnerica g

E2? transitions dominating) for collective nuclei.
These calculations were performed with our modular master

(7 : X
MODULAR SYSTEM . It is capable of calculatin
Abstract code the IDA SYS P g

integrated and differential cross sections for all reactions
The models, the methods and the results obtained in g

. . possible up to 50 MeV incident energies including most reac-
particle and <y ray spectra calculations for structural

. R . tion mechanisms, whatever the projectile. As a particular
material are briefly outlined. ! pres °

option y-ray cascades may be started at any step of the mul-
tiple cascading particle emission.
o s The main effort of the code is on organization. Cascade
1. y-ray emission.

events are simultanecusly crdered ir as many different ways

there are purposes of the code i.e. according to a} stories
1.1. The model and the code as € a purp El )

ith th mber of ste in the cascade (which allcws
The cascade model adopted has been illustrated in detail w € same nu steps 1n {

. . for calculating cross sections of each y-ray multiplicity and
in ref. 1,2 and will be described here only briefly. Conti- I ey P Y

th spondin artial spectral; b cascades feedi
nuum bands are treated like discrete levels, For each band ¢ corresp 9P P ) ! © g

. s . . levels a priori marked (for calculating excitation cross
spin and parity dependent branching ratios are calculated

: f s : sections of marked levels, corresponding spectra and isomeric
allowing for the competition of El1, M1, E2 <transition

imsas . , ratios, IR}; ¢} emitted ener bands, where single-ste
probabilities which are estimated according to Lorentz ! oy ' g P

. . . , contributicons are lumped according to the respective y-ray
curve approximations to the respective giant resconances (GR)

(&) energies {(for total y-ray spectra calculations); d) initially

and using a Gilbert-Cameron {GC) level density formula,

. R a b c) are given for any JI couple of the initial decayin
as parameterized in ref. 4. Yo BYooc) 9 Y P ¥ird

. . . level (this can be useful in several investigations e.g.
A split GR model is used for El1 photon absorption, the

R , X either to isolate a), b), c¢) for given incident angular

Lorentzian parameters being taken from the systematics of

ref. 4. Parameters for Ml and E2 Lorentz formulae are also é+
{5) (6}

3

taken from systematics

T ™
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momenturn, 1, when the initial level is =z compeund nucleus

one; or to estimate a), b}, <}, for a gives J1 couple; etc.).

1.2. R6le of relevant paramncters

a} Optical model parameters

The optical model affects especially those calculations
(like for IR determinaticn) where the population probabilicy
of initial levels of given spin plays an important rf&le and
may be strongly influenced by the relative magnitude of

strength functions {see ref. 2%.

b) Giart rescnance parameters {GRP}

GRP are invelved only in the decav of continuum levels,
where in wost cases only one type (among El, M1, E2) of
transition domipates in each branching ratioc. M1 or E2
transitions play their rdle when the other two types are
forbidden. As a consequence, Lorentzian curve parameters do
not greatly influence these calculations because they all
tend to cancel out in the branching ratios, whenever Y-Tay
energies are smaller than the giant resonance peak energy.

For higher emitted Y-ray energies only peak energy

(which is the best known) is expected to affect calculations.

c) Level density parameters

The result of +ray cascade calculations greatly

depends on the level density and leve: schemes adopted.

of recent investi-

In spite of the encourawing succe

gations l(especially BCS), the curresponding nodel parametri-

Zations do pot vet offer the saws confidence level as the

(4) here adooted. The validity of

model and the svystematics
this approach has been recently discuzced in ref. §.

The effect of the spin distribution of level density
was tested on 1Am c:lculaticn5<1}) by reduction of the

gpin ecut off factor by z Factor of 2. This produced only

I
T
0
-+
"

siight ef with a shift of the spectrum toward the soft

art  In addition an increase in IR of 5% was ohserved.

o

As far as the low energv region is concerned large
difficulties arise where Cdiscrete jsvel informations 1is
missing (like energy levels, their guantur characteristics
or branching ratios: .

Tri the case of the spectrum foo gold we have investig-
ated the impact of the following assumptions: (i) all known
levels {28, at all, up to .571 MeVy are neglected, ané
replaced by the level dernsity treatmect; (i1} all discrete
levels have been included, but expsrimental branching ratios
are replaced by theoretical estimates according to sec. I1.

The resulting spectrz, dashed and dotted histograms,
respectively, are giver in fig. 1 together with the result
of the standard calculation, ful line.

As can be observed from the figure, hypothesis i) is

much woe crude and introduced sevare clances in the energy
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trend of the spectrum. On the contrary hypothesis 1ii}

doas not appreciably influence the final result.

The influence of the discrete level scheme on

isomeric
ratio calculations {here = Ug(n,Y]/U(n,T) has been investi-
.2
gated in 41 Am{z) at 30 KeV, where a value IR =,75 is obtain-

ed from standard calculatiens.

skipping half of the discrete levels we got IR =.69,

while,

IR=.5.

No significant difference was observed through replacing

E2 collective transition probabilities by El, Ml single particle

by skipping the complete level scheme we obtained

transition probabilities.

7

d} Effect of width fluctuations

It was assumed that width fluctuations effects influence
only the primary vy-ray spectrum. An investigation of the
width flectuation correction on the nrimary y-ray spectrum
leads to the conclusion that (exception made for very weak
transitions, which are strongly enhanced) single transition
probabilities are affected by correction factors very close
to that of the corresponding integral cross section.

Thus the whole priméry spectrunm is uniformly shifted by

width fluctuation correction factor.

€} Energy dependence of y-ray intensities
Essentially one has three types of energy dependences

for El transitions:

i} E3 , according to Blatt-Weisskopf single particle tran-
Y

sitions.

ii} Ei , according to Axel.

{9) (10}

iii) Ei , according to Dover et al.
(11)

;, Arenhovel et al.

Gardner et al

Recently McCullagh et al.(IZ}

dence for an Ei‘s

found experimental evi-

(13} yeri-

energy dependence, while Raman
fied that the validity of the Brink-Axel hypothesis has only
a few exceptions.

The impact of the above three assumptions has been inve-
stigated in the total spectrum calculation of gold where

measurements are available from ref. (l14)., To this end fig.

20 of ref. {11} is here reproduced as fig. (2}, where we have

&
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plotted, for comparison, our resulte (hystograms) ,

The data in fig. 2 correspond to the following incident
neutren energies: the experimental ones are measured in the
interval .2+6. MeV, the two full 1line curves have been
calculated(ll) at .2 and .& Mev, respectively while the

hystograms at .4 MeV. (It should be noted thar the

q

spread

af neutron encrgies, 4E=.4 MoV, may affect the comparison of
present calculations especially in the last hystogram step).

One observes that the spectrum from our E5 —calculation,
full line hystogram, well agrees with the Gardner et altll}
spectrum, except for the hard part. This seems in contradic-
tion with the wrong trend of the E: - calcelation (dotted
hystogram) which clearly favours the hard tail against the
soft one, as expected.

Except for the hard tail of the spectrum, no remarkable
difference is observed between Ei - and Ei - calculations
{dashed hystogram).

On the whole, one may conclude on the better results
of the Ef - law, in agreement with the mentiocned experimental
investigations of refs (12) and (13).

As far as Ml and E2 transiticns are concerned, there is
not sufficient information for a more than tentative treat-
ment,

Finally, it must be noted that only the Brink-Axel
approach allows for absolute calculations of Ty(Bn,J,H), as

shown in refs. (15), (16), provided correct parametrization

is adopted for both the level demsity and Lorentz-curve.

1.3. y-decay calculations in structural material. The rdle

of El and M1 transitions and of Valence mechanism

In the literature, in generzl, one assumes that El tran-

1O



. s cl s Ck in c of
sitions dominate the v-ray decay of composite systems. Here ] . Ml transition probabilities were estimated in terms of

we have selected some structural materials of interest in a giant resonance model the parameterization of which was
reactor technology, where the necessity of accounting also determined (see table 1) by normalization of the strength
for M1l transitions is shown by means of detailed model cal- . to the systematics of ref. 6.
culations. The rdle of Valence reaction mechanism in also calculated average total El1 and Ml radiative widths
illustrated by few examples. are shown in table 2 for the variocus EJH quantum numbers
We have estimated the El and Ml contributions to the involved in the respective resonance regions of 28603
total and partial average radiative widths and to the average ana *fre. The effective number of degrees of freedom of the
total y-ray spectra following s-, p-, d-wave neutron capture lumped x? distributions are also given in order to guantify
in the resonance region of 53,60N1 and SGFE. ] the size of the statistical fluctuations characterizing the
The adopted parameterization is shown in table 1, the various calculated as well as measured radiative widths,

level schemes adopted were taken from ref. 17, while missing
Y-ray branching ratics of discrete levels were estimated by
means of the well known Weisskopf transitions probabilities.

table 2
Level density parameterization was done according to ref. 3.

Calculated average E! and M! contributions to the total radiarive width for
s—, p~ and &- wave resonances compared to results evaluated from experimental data.

table t
i T - — EXP EXP
Sumzary of adopted parameters for the calculation of level dengities and isctope & ] r {1y v r o v T Ref. v
.o . Y eff ¥ eff ¥ eff
radiative widths,
a v T D E T, o E T ¢ E_ T Bt 0 L. 2zooeser 12 113s38 17
L, ox 8 o ToBs 1 1 %t P2ty S22 Ra Ty O z - -
MeV ~ MeV MeV keV MeV MeV mb MeV MeV mb MeV MeV mb 1 %- 7664244 20 4564234 8
%- 7264230 20 3BO+153 12
58 . = . -
Ni 7.32 8.2 1.31 7 7.3 14, 16.0 3.7 53 1B.6 5.1 75 t1.B 2.36 10.6 3
2 2+ 1BI602 18 106436 18
60 .
Ni 8.4 7.3 1.2 7 4.5 14, 16.0 3.7 55 18.4 5.1 78 11.7 2.34 11.0 %-ﬁ 1387+444 20 97432 18
56 -
Fe 8.52 6.9 1.14-,25 5.1 19. i7.5 4.8 77 21.4 4.9539 12.0 2.4 10.3

V2
14

vy ™



tahle 2 continues

b - - — EXP
isoro t J r {&1 ToMI ‘ Ref.
pe yEV O Vees AT Ty eff
60 . !
i 0 24 10504430 12 59421 16 1300470 18)
1
15" 4432168 18 20Bs9s 971
3
FTO4013132 19 190469 15 l 2e]
| 1200 RE
3 _ f
2 S+ 11084353 20 53418 17
5 ‘
3t BS6:208 2 45415 18
56 1 ) T
Fe ¢ —2"* ‘070:1:.-!8 11 356+12 15 8501410 !_193‘ 9.
1
1 o- 26687 6 203497 o o
3 | 300+180 9] i7.
S+ 231278 19 we2sd 13
3
D4 800313 1 32#11 18 )
: J 730+250 9] 18.
-2*+ 6524224 17 35+ B 18

On the whole
tuations, is obtained between the calculated and experimentai
quantities given in table 2.

In table 3 we quote the calculations for one well kncwn
S-wave resonance EA
resonance the total as well as the partial radiative width

for the transitions to the first two excited level of energy

E are given,

N

a

for each isotope considered.

is the reduced neutron width.

4

For

good agreement, within statistical fluc-

Caltulated partial and toral gamma widths for sewave resonances.
uicertainties are the standard deviation of the respective statistical x°

table 3

Quoted

each

distributions.
c E L0 LC.BL VAL L TOT (EXP
A (] A Yy ty Y Y Ref.
lsotepe (kev) (keV} (ev} (eV) (meV) (meV) (eV)
8y % [20]
Ni 15.4 5.1%  2200+60% 62 1745+507 1530+73
¢ 340 35 150 124417 [21}
465 305 18 176 1o+19  [21)
&0 - - -
Ni 12.3 23.98  1050+40% 127 1670+50%  2920+77 [20]
0 178 60 4hd 514472 [21]
283 150 57 380 289+46  [21]
e 27.7 B.72  1070+40T 145 650+50%7 1090+5% [10]
e 183 12 103 145425 f21]
14 182 e 26 35413 [22]

For the valence mechanism we found a negligible M1 con-

tributicen, but an El rontribution which seems to affect

TOT

rather significantly the total radiative width T , provided

an interference term is accounted for

-Mughabghah

Tor)1/2'

(r (

Tlu Ylu

The valence madel adopted,

I_lf!N )1/2

+ (T

¥

VAL 1/2

)

namely is the one by Lane-

{22y accovding to the specifications in ref. 23,
Percentual error guoted with calculated gquantities are

(L



the standard deviations of the corresponding x2 lumped distri-

bution.

S.D. =y 2/v LT >

v being the effective number of degrees of freedom.

As an example, in fig. 3 , the average compound nucleus
total y-ray spectrum (full line) and separately only the El
contribution {dashed line) are given for SBNi in the reso-

nance region.

0,08
NI S8
En=  0.015MeV
.05 1
0,04+

Fig. 3

0,03
.02

0,014

Total 7 ray Spectrum (barn/MeV) -

o

—_— P -
;-rQ;Bhengrﬁdﬂn

In fig. 4 again for the same case, the different shapes
are shown of the s-{full line) and p-wave spectra (J=1/2,
=3/2 dotted and dashed line, respectively). Due to the
parity selection rules of Y-ray transitions the s- and d-
spectra are dominated by FEl transitions, while the p-

spectrum‘by Ml cnes.

P

IH

0.0%%
NI 58
En= 0.015 eV
0,025

Fig. 4

0.0104

¥ ray Spectrum (barn/MeV)
4
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§

1.4, Importance of valence mechanism in neutron capture

Becouse valence mechanism mostly affect the resonance
region, the effects of valence mechanism.in neutron capture
are to be considered also dealing with average cross sections.

In order to illustrate the subject, the case of 86Kr
has been chcsen becouse, differently from the structural
materials, for this isotope one has the availability of
recent measurements for the average cross section of neutrons
with maxwellian energy distributions peaked at 30 KeV:

<y 2=(5.62. b <o

>={4.,6+.7)mp 23,
. .Y -
(26)

>=(4,8+.1.
<°n,¥ (4.8+.1.2)mb
In addition BGKr neutron resonance characteristics are

also available from ref. 26.

All these experimental information makes possible the

lG
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study of bsKr Key

the role played hy compound nucleus

mechanisms.

In Table 4 3 selection,

hieutron

capture to test the validity ang

and valence capture

ouvt of ref., 26, igs reported

B6
for the Kr neutron resonances of known characteristics

Table 4. Experimental and

characteristics in 86Kr.

calculated neutron resonance

E Ly gr_ m,r;’” <m:r$>£ ST”r$>£ +5.0.” m‘rg Pt
M1,E1 M1,E1 ¥

36.93 % + 53 300480 250480 2004800 40 240420

42.91 % T 125 3904100 360+100 340+200° 20 3604200
49.64 -% + 42 200460 250480 200+80"'° 15 215+80

54.37 % - 402 5504150 5504150 390+200° 210 £00+265

28.85 % T 95 3304120 360+120 340+200° 15 3554200

In the ceolumns from

ieft to right cne

has the resonance

1—.

energies : isti |
g En’ the quantum characteristics .J ‘; the neutron

widths, 9F,i total measured radiative widths EXP}QH-

s-—and p-wave total experimental radi

EXP 4
state < pY>; averadge s-~and p-wave totai
. ) STAT I
spin state ¢ FY + 5.D. caloulated

~Axel model fnr compound nucieus

P

in

, | average

ative widths Per spin

radiative widths par

terms of Rrink-

s : . {4 .
radiative Zegay' ), inclusive

of M1l and El transitions, 5.0, heing the standard deviation
of the luwped xz distribution of all partial widths and v

the inherent number of degrees of freedom: total valence
VALTJ

¥
a5 a sum of wvalence

centribution as a sum of El and M1 contributions
TGT J

total calculated radiative width
and compound nucleus contribution (both Bl and M1 transitions
included), without interference effect.

In order to determine the expectation value of the n,y
cross section at 30 KeV the usual Hauser-TFeshbach theory
with width fluctuation correction has been used. This was
parameterized using the mean spacing of s-wave rescnances,
DOBS = {(44+414) ReV, deduced from the complete set of data of
ref. 26 and normalizing the calculated Tj' te the corre-
sponding average values in column 5 ({(see Table 4y . It is
important to note here that the adopted values for Bons is
in perfect agreement with the local systematics of the level
n

density parameter "a" deduced for the families of Xr, Se, Br

izotopes.
So far the value which can be obtained in terms of

statistical model is <sn_Y (30 KeV)>»= 20 mb, 4 times greater

’

than experimental ones.

The idea to overcome the discrepancy found by assuming
a valence contribution comes from +he large value p=,94
cf the correlation coefficient betws=en the measured values

for r ana 7 . In particular, from the compariscn of

n Y
experimental and calculated gquantitios in table 4 onc can

(Y



EXP
see that the large T cbserved at 54.37 KeV cones from
¥
the large El valence transitions ceorrelated to the large
I'n values, Differently, the fluctuations chbserved for the

rEXP of the other gquoted resonances mostly are denominat-

edY by statistical fluctuations according to the very low
number of degrees of freedom characterizing the lumped
width distribution in all cases, see Column 6. The very gocod
overall agreement between columns 4 and 7 suggets that the

appropriate average < rJn> values to be used in capture
Y

calculations are just the Brink-Axel model ones(4)

guoted in
column 6, without any normalization to the experimental
cnes.

One finds that at 30 Kev the valence contribution to
neutron capture is negligibe because it affects only a few
channels feeding the lower lying levels in BTKI, out of the
bulk of all cther innumerable statistical channels.

On the contrary the compound nucleus contribution
dominates and is so found to be <Gnrv (30 Kev)>= (8x2.7)
mb, the guoted uncertainty being due to that of D

QBS/
according to error propadgation.

2. NEUTRON EMISSIONS

2.1. The models and the code

Careful studies of the neutron induced reactions at

14-15 MeV on structural material are requested as a part

19

. . : 56
of fusion neutronic. A few model calculations on Fe,

93N 59

b, co performed in this contest, are here presented.

The rble of equilibrium and preeguilibrium emissions
and the limits and validity of the model are illustrated.

Our results are obtained improving the unified exci-
ton model extensively described in ref. 27,28 by the intro-
duction of the principle of conservation of total angular
momentum. This, alsc, implied the use of a suitable particle~
hole spin dependent level density.

Since one can show that the master equations as well
as the methods of ref. (27), still apply, ther the new
occupation probability qln(n,g,t) of the composite nucleus
state {n,q,J,n} Iwhere n and & are the exciton number and
the direction of the projectile inside the nucleus, and J
and 1 denote the total angular momentum and parity of the
composite nucleus at time t) can be expressed as a Legendre

polynonmial series:

Jn Jn
Q" (m,a,t) = [0, (0P () .

The time-integrated master equation is then given by:
oJI * Jh - Jn
- n, (n) = uzl (n-2) Zl (n-2)+ ull (n+2) Zk {n+2)

- @ @ @ e @]z )

the l+, %~ and A° are the intranuclear transition rates and

20
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W is the total emission rate.

Here whe assume J-independent transition rates, but thig
denerally adpted asswweption must be reconsideroed.

The ¢, are the eigenvalues of the intranuclear scatter-
ing Xernel, ﬂi(n) refers to the Legerdre coefficients of
the initial (t=0) occupation probabkility, and 27 {n) are
the Legendre coefficients of the mean lifetime of the nuclear
state (n,q,J,1).

The double differential cross secticn including equili-~

brium and preequilibrium emission is

2 2 1 m
§ols,b) > I 5 e r, ) Lwlae e
Sedil (2s +1)(21+1) “Jmj ¢ 23 b
& a 4a a a
where Tz i (ey) are the optical model trasmission
tada

coefficients J and I denote the composite and target nucleus

total angular momentum respectively, iye 5, and j_ are the
a a

orbital angular momentum, spin and total angular momentum of
- . - i .
incident particle, w; (n, :b) is the probability of emission

of particle b with enerqgy £y, from the exciton state {E,n,J, 1)
IJn(n,Q) is the mean lifetime of this state and n run over
a2ll possible exciton configurations.

A particular mention must be devoted to the J dependent
P-h level density involved in the model.

Namely a Williams' formula(zgj was adopted, normalized
to reproduce the total level density observed according to

ref. 30.

Following ref. (31) the distributiocn of the p=h states

on the spin protecticn M owas asounes to be o

=2

& Gaunsion

. o . . {21
tYpe. An exciton dependent spin eut nEf was E;thl'l’. S
hat

')/3

=.28n A" “valid through the whols periodic table.

Calculations are performed with the modular master Code

'(7).

IDA abouve mentioned Sierical optical model transmission

cnefficients are used. On option, self consistent calculations

in generalized optical model spproximation may also be
regquested. Up to four subsequent particle emissions are
allowed followed by a v~ray cascade of maximum multeplicity
7. Integral or double differentinl cross sections can be
calculated for any single emission process, as well as total
spectra and angular distribution for any given emission type
The unified modeltZT) with conservation of total angular
momentun is used for the description both of equilibrium and
prequilibrium emissions.

The master code consists of mcdules, one for each step
of the calculation procedure, from neutron resonance
statistical analysis and from optical model parameter
avtomatic search to the more sephisticated calculations,
like isomeric cross secticns in a rultiple particle emission
reaction and to the data management and graphical display.

The whole calculation is completely automatitized.
Where no particular check is necessary against available
experimental data, thanks to a shared nuclear data library,
ouly Z,A energy and projectile are sufficient to get the
complete information allowed by the system.

Calculations were performed using the neutron optical
model of ref. 32.

In the figs.i-10, the contviburicn of the unified model

37
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to equilibrium and preegquilibrium emissions inamaely  the
primary emissions) and of all the energecically possible

secondary eguilibrium emissions according to Hauser-Feshbach
theory are the dashed and dotted hystograms respectivelv.

The sum of +the two contributicns g¢ives the total neutrcen

emission spectrum, full line hystogram.

In fig. 5 the calculated total spectrun is compared to

an average spectrum, full line curve, cbtained averaging
over all experimentsl data available. Here +the model
appears to overestimate the haré tzil 0 the spectrum, where

lower exciton state emissions are expected to dominate.

In figs.5 to 10 che total spectrunm at éifferent angles

is given, the dots representing the measurements of ref, 33.

In these figures one obsarves an agreement between the

calculated and experimentsl spectra which is very good at

backward angles while worsening at forward angles, agailn

where the lower exciton contributions are involved.

The consistent answer obtained from the comparison of

total and par-ial spectra, seems to suggest a wrong enciton

dependence QE the adopted p-h level densitv. (Really all

statistical assumptions underlying will.ams' formula break-

down at low exciton numbers, where more appropriately combina-

torial calculations should be used).

In fig.11 we show the results of the angular distribu-

tion of the neutrons with energy E = 2-3 MeV¥ {where equili-~

brium emissicns dominata) arnd of the neurrons wiith

E=8-9 MeV {where preeguilibrium emissions dominate).
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Dots and open ¢ircle:s are the mesusuremns

T
En= 14.600 M=V

and ref. 34 respectivelv. Tn the lower part of Fig.li, o

be consistent with previocus results, one would expe .t that 70~
the spectrum calculated a* forwarc angles e hicher “tar *he
corresponding experimentzl one. This, however, -:¢ no: -he
case for wpen circle data, neither For tne data ol ref., I

(squares). This fzct and the spreac

on
- - . - H
part ©of the figure rise auestions o1 T
X
P - v . . - . i e
experimental uncertaiptiesz in the discrepancie: +“ound. Ir 15
. : - N . . —
figs. 17 to 14 we how the results ©of the calcularion: -
59 . U . (3L, x
for Co at 14.5 MeV ghtaine” using TtThe in-ut Zixed ir e,
-
. . . . — ~ - o
the Zrame of the international Intercomnarison o7 codeg Zor -,
—~
: N [ . et
compound rucleus calculations, sponsored by the MES DATA p—t
nt'
ol
BANK. In figs. 15 and 16 wa chow <he resyles o

"

& /Ay

o3
tions for "Mk at 14.5 Me T chtaiped

fixed in the Frame of the intarnaticna’

s
O
0
m
5
H1

or preguilibriuvm cazlcula=icrz,

BANEK.

I figs. 17 ane 1§

©oTne rasuls 2T caloulaticns irn
at 25.6 MeV are alsc shown, using -ke szne irpuz,
From all the cases here il usrr: oo orae than

caleulations compare to experimental date substantiall

L
o
i
-

and always the same wav. At 1

tions after replacement of <ths fres ausieon scattering

- .
rig. 1%
assumed in ref. 27 by the scatterine of ruclesns beound ip o
square well and after introducticzn of +he refractior o
u . -
nuclecn: heams at the ruclear suraces, :5L+.

oy
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The calculations wath inclusior cf the Lat
did not show anr substantial improvement with respect T
the previous one. In particular the itwc effects considerac
showed evidence 7or a reciprocal cancellation.

In f£ig. 19 one can see very well the prysical features
0o the two reaction mechanisms involved. Namel: az low
emitted neutron energies one has the bulk of the spectrunr
with a symmetric ancular distribut.on carachterisctic
eguilibrium emissions (dominant process) while 2t high
enitted neutron energies one finds forward beacked &missicons

cerachteristic >f a dominant preeguilibrium process.

Conclusions

¢pectra and IFE calculations are valuable in view of the
need for them in a number of applications and 2f the measu-
rement diffuculty.

Tecently, spectra calculations cifered appreciable help
ir correcting systematic errors oi re.ative neutren radiative
capture measurements made with Moxon-Rae detectars(l)'gn)’(i).

A number of recent experiments proves the validity of
bagic assumpticns adopted for the energy dependence of v-ray
intensities.

I weak point of these calculations -emains however the
determination of reliable level schemes and inherent ~-ray

branchings when these are not measured. In fact, the consi-

35

derable theovretical eifgorts irn this direction proved very
useful in understanding nuclear structure, but cannot ye:
replace 2ll cases where experimental informatien is missing.
5 posrible improvement of present calculations mav ke cbtaip-

ed by -ne introduction of considerations cof rotational bancs
in order to £ill the gaps in level schemes and introducing
K~selection rules in the v-ray transitione.

In view of these difficulties, stress should be laid on

he need for experts to provide c¢ross section evaluators

ot

with appropriate level schemes, at least for the cases of
recognized interest.

Frome the mcdel calculations illustrated one can realize
that Ml contributions carnot be neglected in the theoreti-
cal estimate of any of the guantities here discussed, where
2 nuclear structure which favours Ml transitions (via the
rlay of J7 selection rules} couples to M1 transition strength
comparable to that of El transitions.

From the example illustrated, one may conclude that even
if valence mechanism do nect contribute appreciakly tc neutron
capture cross section nevertheless, in specific nuclei, it
mavy be of great help in explaining apparently ambiguous
situaticns and in determining the appropriate model parame-
terization.

The case considered also gives additional evidence for
the wvalidity o the adopted models for radiative decay of

compound nucleus and capture cross secticn calculations.
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- : . . . . 1ibrium ributiors e The uuified model i provide
FPor the particle emissione 2% 74.% Mev, cne has o savw ) iui cont 1o < e 1e ' ca £

.. . . . R 18 i .
that a3 considerably better result iz obtaines ug with

: . : - . may say that the model, sven as it is, is reliable
improvements illustrated and intreducsd intc the nrevious One may say tha - ! ¢

. (27) - . . - . in giving ar overall icture o ) artial emission

version of the unified exciton m2del. This iz e inGrvang ar at: blct - and p ia re
, . r v well . of angulsar distributions. In additi

achieves becouss cpectra es well as of angulas céis butions n addition,

Lecouse no Iree paremeters were used, these results may be

i the unified model allovs for a concisStent rreatment of regarded as a gmodel test proving & wide prediction capability
) 4 b 4 LaDVIE T Or CuUnZisient Treartmeny oY ) "
poth equilibriam and preguilibriur contributions valid alsc if ne experimental information ir available.
CER rhriam Popregulian Iocontributions.

ii} Introducticn of the principle of conservation ofF rotal

angular momentum allows oy a nroper weighting of all Ir general, cne may conclude that considerable results
reaction channels, according to the spin @istribusion have been achieved in the calculatien of total and partial
of the p-n lavel densicty. particle and y-ray emission cross sections. Namely calcula-
(Out of curiosity, in fig., 9 =he resules of caleulatione tions are now possible even if no experimental information

is available, hascouse the de

e}
=
g
[}

. . ot accurag¢y 1s, more or
are shkown too, dashed curve, with mementun: < !

conservation: less known, and may Le estimsted pretty close to usual
o - e
iii1) Introduction of the approvriate distribution of »-h experimental uncertatainties for the cuantities inherent *o
Y icsi a, at we <1008 fo :
levais, accerding to  spin, allowsd for  che moest ¥ay emiegsicn and, &t worse, <100% for particle spectra

meaningful extension menticned ir ii) ahove. crission calculztions in the higher erergy tails.
From ths sample calculatiors iillustirated some conclusiure

mey be derived.
It appears very likely that the rnoderate discrepancies

observed are due more t¢ the verv rough total level density

adopted (expecially Ffor lower excition numbers!, than +to

conceptual inadequacy of the model.

In perticulsr ko achizve the hesh

oy
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